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Abstract.
In the recovery phase after a radioactive release incident, it is important to be able to focus decontamination operations on the areas that contribute most to the radiation dose. Monte Carlo simulations were applied to determine the shielding effect of a building against radiation from various directions, also giving information on the dose contributions at various locations inside the building from specific areas outside. The concept of the isodose was developed to optimize decontamination activities, and was applied as isodose lines to define the smallest areas that lead to a certain dose reduction through decontamination of areas surrounding the building. The shape and position of the isodose lines depend on the geometry of the building, the wall thickness and material, and the observation point inside the building. Calculations have been made with a surface resolution of 1 m 2 for four observation points in a modular building, assuming depositions of 137 Cs and 60 Co on the ground surface and on the roof, as well as 1 cm below the ground surface to represent ground penetration. For example, a ten times as larger area would have to be decontaminated to increase the dose reduction from 10 to 30 %, if it is assumed that all the contamination is located at a depth of 1 cm.
Introduction
After an airborne release of radionuclides to a populated area, external gamma irradiation from deposited radioactive material can contribute considerably to the radiation exposure of the inhabitants. The shielding of gamma radiation by buildings can, however, reduce this exposure, but as buildings generally have complex geometries their shielding properties will vary depending on where the radionuclides are deposited, and in which parts of the building the residents spend most of their time. Thorough and consistent removal of a topsoil layer can remove more than 90 % of the contamination from the surface (Andersson 2009a ), but equipment, consumables and skilled personnel are required, and the resulting costs can be high depending on the area to be treated (Roed et al. 2006) . To minimize these costs while achieving a satisfactory dose reduction, it is useful to have information on exactly which areas it would be most beneficial to decontaminate, taking into account the shielding properties of local buildings.
As the geometry of buildings is too complex for simple methods such as the point kernel model, Monte Carlo calculations are needed to calculate their shielding properties (Jensen & Thykier-Nielsen 1989) . The applicability of the transport code MCNP6 (Goorley et al. 2012) in determining exposure reduction for a modular building type has been experimentally verified in a previous study by our group (Hinrichsen et al. 2018) . The focus in that study laid on the comparison of experimentally determined and theoretically calculated shielding factors for 137 Cs and 60 Co sources that were positioned around and on top of a modular building, showing that an agreement within 2% can be obtained. As the next step, the aim of this study was to use the MCNP6 code to illustrate how the shielding properties of a modular building vary depending on the source location with respect to a number of different observation points (selected points where people could be located) inside the building. Furthermore, the isodose concept for the optimization of decontamination activities is introduced. In its application as isodose lines for a 2-dimensional source area, for example, the ground or roof surface, it illustrates the extent to which the surrounding areas contribute to the external radiation exposure at the observation points inside a building. This could, in turn, be used to show how the decontamination of surfaces or replacement of topsoil can be optimized in an emergency situation by determining the surfaces that contribute most to the external radiation exposure at the various observation points, taking ground penetration into consideration, which is especially relevant for wet deposition scenarios involving, for example, nuclear power plant releases and nuclear weapons fallout.
Materials and methods

Concept of the shielding factor
Buildings naturally provide some shielding against radiation from the ground and from miscellaneous contamination of all outdoor surfaces (including soil, roofs, walls, windows and pavements), vegetation, and in the air (primary contaminant plume or resuspended radioactive matter). In the case of wet deposition of nuclear fallout, the contamination on the ground can generally be expected to contribute most to the total dose integrated over long periods of time (assuming that areas of soil in the local inhabited environment are not insignificant) (Andersson 2009b) . Several different, and sometimes confusing, terms have been used to describe the shielding effect of a building, such as the shielding factor, reduction factor or protection factor. The term shielding factor is used here to describe the reduction of the absorbed dose rate inside the building compared to the absorbed dose rate outside the building, and represents the reduction of the absorbed dose rate by attenuation and scattering as the radiation passes through matter. Absorbed dose here refers to the absorbed dose free in air.
The shielding factor, S bld , at a point inside a building acting on a radiation source outside the building is here defined as:
whereḊ bld is the absorbed dose rate at a point inside the building andḊ ref is the absorbed dose rate that would be measured at the same point if the building were removed after the radionuclide deposition. This factor is based on the barrier shielding factor concept, which was originally defined by Spencer (1962) , and compares the dose rate at a given position resulting from the same source, to the dose rate at the same position when the building is replaced with air. Barrier shielding depends on the energy of the gamma radiation and on the composition and thickness of the absorbing material. Barrier shielding will also depend on the direction of the incident radiation on the building, as the attenuation will be higher when radiation is incident at oblique angles. Thus, barrier shielding varies with the angular direction of the photon fluence, and depends on the actual geometry of the source. The angular barrier shielding factor is therefore a function in two dimensions, the vertical and the horizontal.
For the sake of completeness it should be mentioned that a second concept was developed by Spencer (1962) , called geometry shielding, which compares the dose rate at one position resulting from a given source when the building is replaced by air, to the dose rate above an infinite, uniformly contaminated plane surface source at a reference height of 1 m. Geometry shielding can be combined with the barrier shielding concept by multiplication. The resulting factor is amongst others called the reduction factor.
The focus of this study is on barrier shielding and the angular contribution to the absorbed dose from 137 Cs and 60 Co sources on the surrounding ground, and on top of the same modular building ( Figure 1) as used in our previous study (Hinrichsen et al. 2018 ). The term "shielding factor" is used in the following sections, as this study is concerned only with barrier shielding.
Introducing the concept of the isodose
Examination of the distribution of angular shielding factors around building structures leads to the conclusion that some contaminated areas have a higher influence on the radiation exposure inside the building than others. Considering that the distance between a given observation point inside the building and a given surface source element outside the building also influences the radiation exposure at the observation point, it is interesting to study which contaminated areas have the highest impact on the radiation exposure indoors. This could be helpful in optimizing decontamination activities after the release of radioactive substances and reducing the resulting waste.
In this study, an observation point i is defined such that it can be inside or outside the building, and its position is described by the vector r i in 3-dimensional space. The absorbed dose resulting from gamma-emitting radionuclides over an infinitesimal volume, dV , located at the positions r, can be determined at this point. The dose contribution from dV to the observation point i, here denoted the dose contribution density ρ D,i ( r), can be determined at each point in space by, for example, defining a certain radionuclide contamination on a surface, or by defining it as 0 inside the building. Thus, the total dose D i,∞ at observation point i can be determined by the following integral:
To determine the areas with the highest dose contribution, the concept of the "isodose" was developed in this study, as defined below.
Definition: The isodose ID i,k is defined by the outer boundary of one or more zones in space that contribute, for the most part, a given fraction k to the dose at the observation point i. In the case when ρ D,i ( r) is a continuous function with the maximum ρ D,i,max < ∞, the isodose ID i,k can be chosen from the range 0 < ID i,k < ρ D,i,max and the fraction of dose contribution k i resulting from the zone or zones determined by the isodose is given by:
In the case when ρ D,i ( r) is not a continuous function for the entire space, for example, due to limitations of the considered space, the concept of the isodose is still applicable for jump discontinuities. In such a case, the left-and right-hand limits exist, and the respective point can be applied over the entire range of dose contribution densities that lie within the left-and right-hand limits.
These equations apply to a single observation point inside the building, but in a real fallout situation, decontamination must be performed in such way that a substantial dose reduction is achieved in an entire building. To obtain a measure of the effective shielding obtained in a building by a given decontamination measure, the times spent by the residents in various parts of the building must be accounted for. Therefore, so-called occupancy factors p i for various observation points can be applied to Equation (3) resulting in:
Based on this definition, the concept of the isodose can also be applied to 2dimensional dose contribution densities ρ D,i ( r), for example, on specific surfaces or on the ground surrounding the building. This can be done in some cases for the sake of simplification, when the depth distribution under a surface (e.g. fallout in the ground) is neglected.
Applying the concept of the isodose
In reality, we do not know the dose contribution density of the space (Equations (2) to (4)), and thus the concept must be applied for different scenarios. The first scenario could be a contaminated ground surface around a building. The depth distribution is neglected for the sake of simplification as it differs from point to point in a real fallout situation (see e.g., Östlund et al. 2017) . Therefore, this application of the isodose concept is 2-dimensional, and the areas giving the highest dose contribution for a given sourcebuilding geometry can be determined using the following step-by-step procedure. To provide a better understanding, the relevant quantities are listed in Table 1 .
Step 1: The dose resulting from the entire contaminated surface at the observation point i, D i,∞ , is determined, as well as the contribution to the dose from smaller parts of the surface D i,j . The size of the areas A j is chosen by reasonability based on the applied scenario. The dose contribution density is then calculated for each subarea using the relation ρ D,i,j = D i,j /A j . If more than one observation point is considered, this process must be repeated for all points, and the results weighted with their respective occupancy factors p i : D j = i D i · p i for the dose contribution and by ρ D,j = i D i,j · p i /A j for the dose contribution density.
Step 2: The subarea j with the highest dose contribution density for the observation point ρ D,i,j or weighted dose contribution density ρ D,j is then determined.
Step 3: The fraction of dose contribution k i is then calculated by dividing the dose contribution D i,j by the dose resulting from the entire contaminated surface D i,∞ for one observation point, or for the weighted fraction of dose contribution k by dividing
Step 4: This subarea j now represents the area with a fraction of dose contribution k i or k surrounded by the isodose criterion ID i,k and ID k . ID i,k and ID k are in turn defined here by their respective dose contribution densities ρ D,i,j or ρ D,j .
Step 5: The subarea j with the next highest dose contribution density for the observation point ρ D,i,j or weighted dose contribution density ρ D,j is then determined. Dose contribution density weighted for several observation points resulting from contamination of subarea j
Step 6: The fraction of dose contribution k i is calculated by dividing the sum of all dose contributions from the subareas determined in Step 2 or 5 so far, j D i,j ∀j : ρ D,i,j ≥ ID i,k , by the dose resulting from the entire contaminated surface D i,∞ for one observation point using the isodose ID i,k as the criterion equalling the dose contribution density ρ D,i,j of the subarea j that was determined in Step 5. This must be done for the weighted fraction of dose contribution k by dividing the weighted sum of all dose contributions considered j D j ∀j : ρ D,j ≥ ID k by the weighted dose resulting from the infinite contaminated surface D ∞ , again using the isodose ID k as the criterion equalling the dose contribution density ρ D,j of the subarea j that was determined in Step 5.
Step 7: The subareas j : ρ D,i,j ≥ ID i,k or j : ρ D,j ≥ ID k that were determined in Step 2 or 5 now represent the area or areas with a fraction of dose contribution k i or k surrounded by the isodose criterion ID i,k or ID k which are defined here by their respective dose contribution densities, ρ D,i,j or ρ D,j as in Step 6.
Step 8: Repeat Steps 4-7 until all subareas have been considered.
These Steps can be expressed more mathematically for one observation point by:
and for more than one observation point by:
If the sizes of the areas A j are numerically equal, the procedure can be simplified as the determination of the dose contribution density for each subarea becomes unnecessary, and the dose contribution per subarea can be compared with the isodose ID i,k multiplied by the size of one subarea A. Mathematically, Equation (5) for one observation point can be transformed into:
and Equation (6) for more than one observation point into:
Description of the calculations
The Monte Carlo calculations for the modular building scenario were performed with the transport code MCNP6 (Goorley et al. 2012 ), using the cross-section data set ENDF/B-VII.0 (Chadwick et al. 2006 ). Among other processes, it accounts for photon creation and loss through relevant mechanisms such as bremsstrahlung, fluorescence, Compton scattering, photon capture, pair production and p-annihilation. The code allows for the definition of complex 3-dimensional geometries through a combinatorial geometry technique. The definition of the geometry is based on the construction drawings and descriptions made available by Bilsby (Bilsby R n.d.), and measurements at a real modular building, including an additional construction of breeze blocks that was used in our previous study (Hinrichsen et al. 2018) (Figure 1 ). The regions in space were constructed by a logical combination (union, intersection, difference) of elementary geometric bodies and surfaces. Data from various databases (McConn Jr et al. 2011 , Websites 2016 were used to assign the material specifications with definite atomic compositions and densities as the input for the different building structures and environmental regions. at the top of the modules. For the assumption of homogeneous contamination, interpolation methods were applied to the results of the grid points. Internal scattering within the source material was neglected, and no (extra) material composition was assigned to the source regions. Separate Monte Carlo computations were performed for reference values without the building, in the same way as in the calculations when the building was present (Ḋ ref in Equation (1)). Calculations with an infinite surface source on ground level, excluding the area of the modular building, were performed to determine the isodose lines. Furthermore, calculations were performed for surface sources of various radii centred in the centre of the modular building on the ground and 1 cm beneath it, to determine the impact of ground penetration.
The composition of the soil surrounding the building was based on data in a material compendium (McConn Jr et al. 2011) . The soil in the model was defined as a 5 m deep slab, and the air above as a 500 m high slab, to take possible scattering effects into account. The observation points were defined as air-filled spheres with a diameter of 30 cm, for which the absorbed dose free in air, was calculated. The four detector regions were centred at the corresponding observation points 1 m above the floor of the modules (Figure 2 ). Detector region No. 1 was centered at the observation point in the middle of the breeze block structure, No. 2 in the middle of one half of one module, No. 3 was 0.5 m away from a window, and No. 4 opposite a doorway and an opening between the modules. These locations were chosen as they represent different parts of the building, and are the same as in our previous study (Hinrichsen et al. 2018 ). The number and energies of the gamma particles passing through these regions were determined. The fluence was then transformed into dose using conversion coefficients (ICRP 2010). Several techniques can be applied to reduce the variation in the results below a standard deviation of 5 % with acceptable computation times in MCNP6. The defined regions in space are called cells, and weight windows were generated for each cell. The number of a particle's weight in MCNP6 represents the number of physical particles, which in these calculations are photons, where different random walks are represented by one MCNP particle. A lower bound on the weight of particles in each cell is defined by the user, and the upper weight bound is a specified multiple of the lower bound. These weight bounds define a window of acceptable weights. If the weight of a particle emitted from the source and generated by interactions with the materials is below the lower weight bound, then the weight of the particle is randomly increased to a value within the window, or it is not included in the calculations. If the weight of a particle is above the upper limit, it is split so that its parts are within the window. No action is taken for particles with weights within the window. The weight windows were determined using the Weight Window Generator, which estimates the importance of the cells in space. The importance of cells is defined as the expected score generated by a unit weight particle after entering the cell. The average importance of each cell can be estimated using the cell-based generator.
Results and discussion
Shielding factors around a modular building
In order to illustrate the influence of the position of the sources around the building on the shielding factor (Equation (1)), the results for 137 Cs and 60 Co are plotted in heat maps for all 4 observation points defined above (Figure 3) . The shielding factor is substantially lower at observation point No. 1 (inside the breeze block construction) than at the other observation points. At this point, the overall average shielding factor is 0.29 ± 0.20 (1 SD) for 137 Cs and 0.37 ± 0.21 for 60 Co. The shielding factors at the other points were about 0.72 ± 0.22 for 137 Cs and 0.77 ± 0.21 for 60 Co. For 137 Cs, the shielding factor of one module wall is 0.90 ± 0.01 and for one breeze block wall 0.25 ± 0.01; while the corresponding values for 60 Co are 0.94 ± 0.01 and 0.32 ± 0.01, respectively. As can be seen from the plots in Figure 3 , even the doors and windows provide slightly better shielding than the module walls. The shielding factors determined for the doors and windows are 0.89 ± 0.01 and 0.85 ± 0.01 in case of 137 Cs, and 0.93 ± 0.01 and 0.87 ± 0.01 in case of 60 Co. All other shielding factors can be determined from combinations of these factors and the angles at which the radiation passes through the different materials. The impact of the angle of incidence at the observation point on the shielding factor depends on the increasing septum length of the material traversed by the gamma photons as the distance between the surface source element and the observation point decreases (close to the building). This effect is especially evident when the breeze block structure is in the line of sight between the source and the observation point. Hence, as the angle between the incoming radiation and wall approaches 90 • , while moving further away from the observation point, the radiation penetrates less material, and thus the shielding factor is higher.
Shielding factors on top of a modular building
In order to demonstrate the influence on the shielding factor of different source positions on top of the building, the results for 137 Cs and 60 Co are plotted for the 4 observation points, as in case of the surrounding deposition (Figure 4) . The shielding factor is substantially lower at observation point No. 1 (inside the breeze block construction) than for the other observation points. At this point, the overall average shielding factor is 0.32 ± 0.30 (1 SD) for 137 Cs and 0.38 ± 0.29 for 60 Co. The shielding factors for the other points were about 0.59±0.22 for 137 Cs and 0.66±0.19 for 60 Co.
All other shielding factors can be determined as combinations of radiation passing through the roof and then a module or brick wall, taking the angles at which the radiation passes through the different materials into account, as well as backscattering effects.
Monte Carlo computed isodose lines around a modular building
The concept of the isodose, in its simplified application for same-sized subareas, described in Equation (7), was applied to a case where decontamination would lead to different reductions in the absorbed dose, depending on which of the four observation points is being considered. Homogeneous ground contamination surrounding the modular building was assumed. The results are presented graphically as isodose lines in Figure 5 for 137 Cs and for 60 Co.
It can be seen in Figure 5 that the shapes of the areas encompassed by the isodose lines for a given observation point are relatively similar for both radionuclides. The zones are larger for 60 Co as the source energy is higher than in the case of 137 Cs. To give a better idea of the size of the area that would have to be decontaminated to achieve a certain reduction in relative dose, the respective values are presented in Table 2 , together with the primary dose factor calculated for an infinite contaminated ground surface. The primary dose factor is directly related to the dose to the residents when no decontamination measures are taken and is given in pGy per γ/mm 2 repre- senting the dose (pGy) that would be caused by a homogeneous ground contamination for an source strength of one gamma photon per unit area (γ/mm 2 ).
The values vary significantly depending on the observation point, especially regarding the influence of the breeze block structure or walls, which cause backscattering of the radiation. There also appears to be an inverse correlation between the primary dose factor at a given observation point attributed to an infinite contaminated ground and the size of the decontaminated surface required to reduce this dose by a certain fraction. The lower the unremediated dose, the larger the size of the area that must be decontaminated to achieve a certain percentage of dose reduction. Figure 5 . Isodose lines around a modular building at four different observation points inside the building (red dots) for 137 Cs and 60 Co. The shading indicates the fraction of dose contribution to the observation point including the areas that are surrounded by the respective one. When the outside line for a certain dose reduction reaches the limit of the calculation grid, its shape might differ for a larger calculation grid.
Monte Carlo computed isodose lines on top of a modular building
The concept of the isodose applied to a 2-dimensional area, as described by Equation (5), was also applied to the roof of the building to determine the areas that would have to be decontaminated to achieve different degrees of reduction of the absorbed dose at the four different observation points. The results are presented graphically as isodose lines in Figure 6 for 137 Cs and for 60 Co.
It can be seen from the figure that most of the dose contribution from the roof is resulting from a small area over each observation point. As in the case of ground penetration, the isodose lines for each observation point have similar shapes for the Table 2 . Area (m 2 ) that would hypothetically have to be decontaminated to achieve various degrees of dose reduction at the four observation points in case of 137 Cs and 60 Co contamination. All contamination is assumed to be on the soil surface. *The values for 30 % dose reduction at observation point No. 1 were determined using a limited calculation grid, and the results may differ with a larger calculation grid.
Observation point
Radionuclide Primary dose factor before decontamination different zones and for both simulated radionuclides. Also here, the zones for 60 Co are larger as the emitted photon energy is higher than for 137 Cs.
Isodose lines based on more than one observation point
So far, four separate observation points representing different parts of the building have been used to determine isodose lines. In the next step, occupancy factors (p i in Equation (8)) are applied to determine isodose lines assuming a contaminated ground surface in order to obtain isodose lines that are more representative of the doses in the building as a whole. As it was observed that a smaller area had to be decontaminated to achieve a given dose reduction in the case of a high unremediated absorbed dose D i,∞ at a given observation point, the occupancy factors were chosen in proportion to the primary dose factors p i = D i,∞ / i D i,∞ . The results are presented graphically in Figure 7 . The size of the area that must be decontaminated to achieve dose reductions of 10 %, 20 %, and 30 % are 39 m 2 , 125 m 2 , and 297 m 2 for 137 Cs and 45 m 2 , 145 m 2 , and 353 m 2 for 60 Co. For the modular building studied, the primary dose factor based on the occupancy factors was determined to be 423 pGy per γ/mm 2 for 137 Cs and 788 pGy per γ/mm 2 for 60 Co. In comparison with the values in table 2, the inverse relation between primary dose factor and area size is still valid.
No isodose lines were determined for the roof taking all observation points into account as the results for the single observation points showed that the main dose contribution is from a small area over the observation point.
Impact of ground penetration
In order to study the impact of ground penetration on the size of an area encompassed by a given fraction of dose reduction, the absorbed doses resulting from contaminated circular areas of various sizes centred in the centre of the modular building on the ground were first calculated, and then divided by the absorbed dose resulting from an infinite ground source. The same calculations were then performed for a scenario with contamination to a depth of 1 cm beneath the ground surface, to simulate ground penetration of the fallout some time after the initial deposition event, as was the case for 137 Cs fallout from the Fukushima release (e.g., Östlund et al. 2017) . Calculations were only performed for a 137 Cs source and the results are presented in Figure 8 .
From Figure 8 it can be seen that decontaminating an average area of 1000 m 2 would reduce the total absorbed dose contribution by about 45 % without ground penetration, and by about 65-70 % with ground penetration. To study the impact of ground penetration in more detail, the size of the circular area A that would have to be decontaminated to obtain a certain reduction in the dose contribution f can be described by the mathematical expression:
Regression analysis can be used to obtain a, b and c for each scenario, and the values are presented in Table 3 . The ground area of the modular building is 59.4 m 2 .
Comparing the values in Table 3 shows that a smaller area would have to be decontaminated in the case of ground penetration to obtain the same fractional dose reduction as in the case without ground penetration. Figure 9 shows the ratio of the area that would have to be decontaminated without ground penetration to the area that would have to be decontaminated with ground penetration to obtain the same fractional dose reduction. Figure 9 . Ratio of the area that would have to be decontaminated without ground penetration to the area that would have to be decontaminated with 1 cm ground penetration to obtain the same fractional dose reduction at the four observation points.
The ratios in Figure 9 vary between 1 and 5.5, showing a peak at a dose reduction of in the range from 40% to 55%. In the case of real fallout situations, it should be borne in mind that, according to the ICRP the key dose parameter to be considered in connection with decisions on interventions in a contaminated area is the residual dose, which is integrated over a long time for long-term interventions (ICRP 2007) . Further factors are the costs and amounts of generated waste that are caused by respective countermeasures as well as the possible risk of erosion that could be increased by topsoil removal over large areas and the resulting social, environmental and ethical factors (Roed et al. 2006) . Downward migration of the contamination in soil over time can lead to different fractional contributions to the dose from contamination at different distances, as can be seen in Figure 8 . Therefore, to fully comply with the ICRP recommendations, in a "real" situation, each calculated dose contribution at a given depth should be multiplied by the predicted fraction of the contamination present at that depth at each time, and it should all be integrated over time to give a committed dose over a given time span (e.g. 70 years). Downward penetration will depend greatly on the soil type and status, weather conditions, human and other impact, as well as on the physiochemical characteristics of the contaminants. These factors were neglected in this illustration of the method for the sake of simplicity, but they should be taken into account in realistic cases.
Conclusions
This study has demonstrated the influence of various building materials and the angle of incidence of radiation on the shielding factor in a modular building, using the Monte Carlo model MCNP6. For example, the breeze block structure provides the most efficient shielding, with about 3 times lower shielding factor than the walls of the modules. Even the doors and windows exhibit slightly lower shielding factors than the walls. Furthermore, the concept of the isodose, defining an area with a given dose contribution to a defined observation point inside the building, was introduced. Such isodose lines can be used to illustrate the extent of surrounding areas that must be decontaminated to achieve a certain dose reduction, depending on the observation point. It was found that the shape of the surface encompassed by the isodose lines did not change with increasing gamma energy of the incident photons, but the area requiring decontamination to achieve the same percentage of dose reduction increased with higher gamma energies. An inverse correlation was found between the primary dose factor and the size of the area that has to be decontaminated to achieve a certain dose reduction. To optimize decontamination activities for a residential building living habits inside the building must be considered, and a combination of primary dose factors for a number of observation points must therefore be used, depending on the occupancy times of the residents. When assuming 1 cm deep ground penetration, a decrease in the area requiring decontamination, of up to 60 %, was found compared with surface deposition. This means that a substantially smaller area will have to be decontaminated to achieve a given reduction in dose after allowing time for the gradual migration of the deposition.
In conclusion, the isodose concept shows promise for comparison of the effects of decontaminating different surface areas, for different primary gamma energies, and different degrees of ground penetration. Further studies are required on the application of these findings to other types of buildings, as well as the choice of a representative indoor observation point for such buildings, in order to develop this method into a practical and useful instrument for the optimization of countermeasures in cases of radioactive fallout in inhabited areas.
